Introduction
Handling animals before and during slaughter causes stress and possible loss of homeostasis in the individual (Amtmann et al 2006) . When the body uses fat reserves as a source of energy, glycerol, and fatty acids are released into the blood stream. Glycerol transforms into glucose in the liver and kidneys, providing energy for cell metabolism (Wang et al 2009a) , reducing the imbalance of physiological and oxidative stress indicators. There is a study focused on the use of glycerol for therapeutic purposes in the treatment of ketosis in cows (Benitez and Giraldo 2012) . Parker et al (2007) reported that the administration of glycerol to Bos indicus cattle in a single dose of 2 kg -1 LW before shipping, and concluded that the osmolyte glycerol shows promise as a prophylactic treatment for attenuating the effects of long distance transportation by maintaining body water, decreasing the energy deficit, and preserving health and muscle quality. Another study showed the evaluated the effects of glycerin supplementation on performance, ruminal fermentation, metabolism, and carcass and meat quality in Holstein bulls fed high-concentrate diets. They observed that feeding concentrate containing up to 12.1% of glycerin does not lead J Anim Behav Biometeorol (2018) 6:116-123 to detrimental effects on performance, ruminal fermentation, metabolism, and carcass and meat quality variables (Mach et al 2009) .
A study conducted by Macarena et al (2015) showed that administering glycerol to Limousin bulls 24 h before slaughter through both a nasogastric tube and drinking water did not affect blood parameters, carcass quality, pH or sensorial meat quality. The present study posed the hypothesis that glycerol, as a gluconeogenic precursor, minimizes the effect of physiological and oxidative stress attributed to the increase in the efficiency of energy use of feeds by ruminants and that this effect can be measured by biochemical indicators of physiological and oxidative stress. We evaluated whether administering glycerol 24 h before slaughter counteracts the stress produced by handling during transport, and loading and unloading cattle before slaughter, maintaining the indicators of physiological stress within normal ranges to keep homeostasis in the animal and, after slaughter, the shelf life of the meat.
Materials and Methods

Field phase
Fifty male steers, Zebu crosses with Swiss or Simental, were selected at random 24 h before slaughter. The steers were in the finalization stage, in intensive fattening, with an average body weight of 450 kg, and in the feedlot for 90 and 102 days on average. Two treatments were tested (n= 25 animals per treatment): T0= control (without glycerol) and T1= 600 mL glycerol (85 % pure) animal -1 . The treatments were administered orally with a Syrman graduated syringe. Animals were handled using a clamp to hold them. Blood samples were taken from the 50 animals before administering glycerol to determine basal parameters and 24 h after glycerol administration (at the moment of beheading in the slaughterhouse).
The samples were collected by puncturing the jugular vein with 5 mL vacutainer tubes containing EDTA anticoagulant. Hematocrit (VGA), lactate dehydrogenase (LDH), lactate (LAC), cortisol (COR), glucose (GLU), β-hydroxybutyrate (BHT), and free non-esterified fatty acids (NEFA) were quantified. Tubes with 10 mL EDTA were used to collect blood samples to evaluate antioxidant activity (FRAP), thiobarbituric acid reactive substances (TBARS), and the glutathione peroxidase reaction (GSH-Px). Samples used to determine the enzyme creatine kinase (CK) were collected in 5 mL vacutainer tubes without anticoagulant. The animals were shipped to the slaughter house at 5:30 am at an ambient temperature of 15 ºC and 90 % humidity under fair handling conditions, avoiding the use of an electric prod. Transport lasted 30 minutes in a double-floored container with capacity for 40 steers. The steers were kept in a reception corral 4 to 5 h on average before the slaughtering process began.
Laboratory phase
After collection, the blood samples were refrigerated at 4 ºC and centrifuged at 3,500 rpm for 10 min to obtain the serum (Power Spin TM Mx Centrifuge). The serum was then distributed in 2 mL Eppendorf tubes and stored at -40 ºC until processing, except for the samples taken for determination of VGA, which were processed in the laboratory of the commercial ranch using the microcentrifugation technique (Micro-Hematocrit Centrifuge Model KHT-400) and capillary tubes (Fisher brand/ Micro-Hematocrit cat. No: 22-362-574). The serums were transported under refrigeration at 4°C to determine the biomarkers of physiological stress: GLU, LDH, LAC, BHT, NEFA and CK. For this determination, an atomic absorption spectrophotometer (Perkin Elmer) was used. COR was measured using the ELISA technique (Enzyme-Linked ImmunoSorbent Assay) with rabbit antibodies and horseradish peroxidase as the antigen. Readings were taken at a wavelength of 410 nm. FRAP, TBARS and GSH-Px were assessed in the serums. All the samples were processed in duplicate.
FRAP (Ferric Reducing/Antioxidant Power) was determined following the protocol of Strain (1999, 1996) and using TPTZ chromogen and the antioxidant standard TROLOX. Readings were done with a spectrophotometer at 593 nm. The thiobarbituric acid reaction test was conducted according to the protocols of Botsoglov et al. (1994) and Gutteridge (1975) . Glutathione peroxidase activity was determined by measuring the concentration of NADPH at 340 nm, following the procedure described by Lawrence and Burk (1976) .
After slaughter, the carcasses were stored in refrigerated chambers at a temperature of 0 ºC and, after 24 h, transported in refrigeration trucks to the boning room of the packing plant, where the second part of the sampling was done. This part consisted of collecting 500 g of the Longissimus dorsi muscle without bone at the 10 th and 13 th rib of 10 steers of each treatment. Once the samples of muscle were collected, they were vacuum packed and stored under refrigeration at 4 ºC to evaluate shelf life at 7, 14, 21 and 28 d. FRAP Strain 1999, 1996) and TBARS (Botsoglov et al. 1994; Gutteridge, 1975) were then determined in homogenized beef at different times of maturation (7, 14, 21 and 28 days) . pH and texture were also recorded. pH was determined with the method of meat homogenization and the reading was done with a potentiometer Pelican 1400 Case, Orion Research Model SA 210 (AOAC 2000) . For texture analysis (TPA), the process was conducted using a WarnerBratzler knife and the protocol of the texturometer TA.TX plus (Stable Micro Systems). J Anim Behav Biometeorol (2018) 6:116-123 Statistical analysis
The variables evaluated in blood serum were analyzed as a completely random design with repeated measures and the PROC MIXED of SAS (Statistical Analysis System, version for Windows 9.0, 2000). The model for the analysis included the principal effects of treatment, time and the interaction treatment*time. For the variables assessed in meat (FRAP, TBARS, pH and texture), the procedure was similar. Means were compared with the Tukey test. The covariance structure appropriate for each variable was the component of symmetry (CS). The model used was the following:
where: Yijkl= response variable in observation k, repetition j, treatment i; µ= general mean; Ʈi,= effect of the i th treatment (i=1,2); δj(i)= random error associated with the j th animal (subject) within the i th treatment; Pl= effect of the l th period (1=1,2…4); (ƮP)l= Interaction treatment*period; ɛijkl= Random error associated with the k th repeated measure within the j th animal.
Results
The analysis of physiological stress biomarkers reported as indicative of acute stress revealed no differences (P>0.05) in CORT, VGA, GLU, NEFA, BHT or CK between the treatments, but LDH (P=0.021) and LACT (P=0.001) were different (Table 1) . There were differences in the effect of time (P<0.05) for the variables VGA, NEFA, BHT, CK, LACT and GLU. The interaction treatment*time was significant (P= 0.011) only for GLU (Table 1) .
Oxidative stress biomarkers in blood samples were different (P>0.05) between sampling times (Table 2) for the variables FRAP (P= 0.0209) and GSH (P= 0.006).
No differences (P>0.05) between treatments were observed in FRAP in meat, but differences (P<0.05) were found among the different lengths of shelf life. Interaction (P= 0.024) between treatments and times was seen in the determination of TBARS, measured as an index of lipoperoxidation, which evidenced higher concentrations with the glycerol treatment as shelf life time increased (Table 3) .
The decrease in pH during shelf life was significant (P=0.0002); however, no differences were observed between treatments nor in the interaction treatment*time ( (Table 3) .
Discussion
Studies with pigs (Madrid et al 2013) , chicken (Kim et al 2013) dairy cows (Werner Omazic et al 2013) , sheep (Volpi-Lagreca and Duckett 2017), goats (Chanjula et al 2014) and buffalo on the effects of glycerol on carcass yield, milk quality, and nutrient digestibility have been published. In general, those studies reported improvement in nutrient utilization of the diet. Macarena et al (2015) observed that with glycerol supplementation before shipping, there was an increase in glucose concentration (P<0.001) after shipping in all the groups evaluated. In a study (Parker et al 2007) in which glycerol was administered to steers through a nasogastric tube before prolonged transport (48 h), higher levels of blood glucose (P<0.001) were observed 24 and 48 h after shipping in groups that received glycerol, compared to control groups (not shipped and with no glycerol administration). The results of the glucose levels in this study were not different between treatments, but they were different between sampling times (P<0.05) and with the interaction treatment*time. The differences between in this study and that reported by Macarena et al (2015) and Parker et al (2007) were due to the different shipping times and handling. In the case of our study, transport time from the ranch to the slaughterhouse was less than an hour, while steers were transported 24 and 48 h, respectively in the other studies. It is important to point out that in our study, the glucose levels found were below the concentrations (T0=1.588 and T1= 1.663 mmol L ). Probably as a consequence of an insulin response to increased glucose absorption from the small intestine and because the exogenous glucose supply caused a decrease in endogenous glucose synthesis. Moreover, Glycerol that is available to rumen microbes will be converted to propionic and butyric acids. The fraction converted to butyrate is metabolized by the ruminal epithelium, thus glycerol that is fed is actually ketogenic rather than glucogenic.
These results coincide with Knowles (2000) concerning the low levels of glucose that can occur during the 24 h after handling the animals during transport to the slaughterhouse, mainly because animals are recovering and not because of stressful situations. Also, Cunningham (1999) mentions that short fasting periods (4 to 6 h) produce hypoglycemia, which acts as a catecholamine-releasing factor and favors glycolysis and gluconeogenesis, which might be the cause of the low glucose levels found in this study. Socreppa et al (2017) evaluated the effect of different levels of crude glycerine (810.9 g glycerol/kg) replacing dry ground maize on intake, digestibility, microbial nitrogen (N) synthesis and N utilization in grazing beef cattle. They concluded that partial or total replacement of dry ground maize by crude glycerine in protein-energy supplements for grazing beef cattle exerted no changes on pasture intake, digestibility and N utilization. Therefore, the use of crude glycerine as an energy source in supplements for grazing cattle can be recommended. Similarly Granja-Salcedo et al (2017) determined whether a combination of crude glycerin and soyabean oil could be used J Anim Behav Biometeorol (2018) 6:116-123 to partially replace maize in the diet of Nellore steers while maintaining optimum feed utilisation. They found that crude glycerine associated with lipids could be an energy source, which is a useful strategy for the partial replacement of maize in cattle diets, and that it could result in reduced total N excretion and ruminal methanogens without affecting intake and digestibility. The effect of ambient temperature and dietary glycerol supplementation on growth performance in beef cattle was studied by Kang et al (2017) and observed that the hot temperature month did not affect growth performance, but glycerol supplementation improved growth performance in a barn trial. In a feeding trial in metabolic cages with a temperature-controlled room, hot temperature decreased growth performance, but glycerol supplementation did not affect it.
As far as dairy cow concerns, the supplementation of glycerol has also shown that glycerol is a suitable replacement for corn grain in diets for lactating dairy cattle and that it may be included in rations to a level of at least 15% of dry matter without adverse effects on milk production or milk composition (Donkin 2008) . Another study (Wang et al 2009b) showed that although milk yield and feed intake were not affected, glycerol-supplemented cows has a more positive energy status, suggesting that net energy availability may have been increased. On the other hand, Coskun et al (2012) did not observed a significant effect on milk yield, body weight and plasma glucose, nonesterified fatty acids and beta-hydroxybutyrate concentrations, but they pointed out that in the last day of study, milk solid non fat were higher and milk urea-N content were lower in pelleted feed+ glycerol group (P < 0.05), and KaramiShabankareh et al (2013) demonstrated that feeding dry glycerol as a glucogenic supply may be useful to improve negative energy balance and reproductive efficiency in young cows which calve with high requirement of energy. DeFrain et al (2004) reported that cows supplemented with an 860 g d -1 dosage of glycerol during a period of 7 to 21 days during lactation reduced blood glucose levels and increased BHT blood levels. These results are similar to those obtained in this study and could be because glycerol was administered 24 h before transport and could have metabolized before the second evaluation.
Behaviour is a critical component used to evaluate the animals' wellbeing and it has been reported to have an effect on product quality. Šímová et al (2016) mentioned that pre-transport phase includes many aspects, such as on-farm handling, rearing conditions, assembly of animals, classifying, weighing, repenning in a new environment, regrouping, mixing with unfamiliar animals, and handling at loading, which is regarded as the most significant factor affecting animal welfare. Stress activates the animals' hypothalamic-pituitary-adrenal activity, triggering release of various stress hormones such as catecholamines and cortisol, thus glycogen depletion prior slaughter, elevated ultimate pH and poor muscle-meat conversion.
Recently, Saleem and Singer (2018) conducted two experiments to evaluate the effects of replacing corn with an increasing concentration of high-purity glycerol (>99%) on growth performance, economical efficiency, blood constituents and nutrient digestibility of growing lambs. They reported that glycerol supplementation had no effect (P>0.05) on organic matter and CP digestion, but improved DM, crude fiber, ether extract and nitrogen-free extract digestion. They concluded that glycerol can replace corn up to 10% of DM in the diets of growing lambs.
Other biomarkers evaluated in this study were CORT, VGA, NEFA, and BHT, which were within normal ranges for bovines, according to Knowles and Warriss (2000) and Romero et al (2011) . However, it has also been pointed out that even on long trips, the effect of transport can be minimal only if handling is done correctly (María et al 2003) . This might explain why in the present study no differences were observed in steers supplemented with a single dose of glycerol since both, the feedlot personnel and the shippers, who loaded and unloaded the animals had good training and good livestock handling practices.
The ), possibly owing to the physical activity of the animal. There were no differences, however, between treatments because the creatine kinase enzyme increases when the animal exercises more than is usual, a situation that coincides with that reported by Knowles and Warris (2000) and Averós et al (2008) . Likewise, Romero et al (2011) mention that the basal levels of CK can increase due to fasting and exercise, in this study the conditions of fasting and fatigue of the animals to be transported before slaughter, are factors that can explain the difference between the times of evaluation that were observed for the CK variable ) concentrations in the two treatments were different. In both cases, higher concentrations were found in animals that received the glycerol treatment. Significant (P=0.001) differences in LDH (P=0.021) and LAC were found between treatments and times (P=0.004). LAC and LDH concentrations are related to muscular damage. However, in our study, the increment at the serum level was not indicative of muscular damage, but rather of physiological adaptation to routine handling. Njisane and Muchenje (2017) have reported that pre-slaughter stress sometimes results to cattle attaining bruises, resulting to the affected parts of the carcass being trimmed and condemned for human consumption, downgrading of the carcass and thus profit losses.
It has been pointed out by Damtew et al (2018) that stressful conditions can reduce the fitness of an animal, which can be expressed through failure to achieve reproductive and production performance standards, or through morbidity and mortality. A treatment to mitigate the negative effect of long transport stress on cattle physiology, could include remedial strategies such as administration of vitamins, vaccines and feeding high energy diets, and electrolyte therapy should be considered.
In countries such as New Zeland the handling of animals is a topic of great importance. This year (2018) regulations have been reviewed and they established great fines to those persons who fails to comply with the regulation (Animal Welfare (Care and Procedures) Regulations 2018).
Moreover, information on the acute stress of livestock during handling exists but little has been done on shelf life or sensorial tests (María et al 2003) . For this reason, it was important in this study to evaluate antioxidant states using the FRAP components. These components increased with the storage times evaluated; this is a normal process by the effect of refrigeration. The differences reported for the doi.org/10.31893/2318-1265jabb.v6n4p116-123 T0  T1  T0  T1  T0  T1  T0  T1  T0  T1  Trat  Time  Trat TBARS concentrations coincide with Soohyun et al (2015) in Korean Hanwoo cattle (Bos taurus coreanae), in which higher TBARS concentrations were observed due to storage times (P<0.001) and its interaction with animal age (P<0.001). In the same way, Xiong et al (2007) observed significant differences in TBARS in vacuum-packed beef stored under refrigeration below 3 ºC. This process can be explained by the high content of unsaturated fatty acids and the presence of myoglobin, which favors lipid oxidation in raw meat during storage and refrigeration (Monahan 2000) . These results are also corroborated by the results of Chan et al (1997) , who evaluated lipid oxidation in meat and deduced that the increase in TBARS might be due to high concentrations of myoglobin. In our study, oxidative deterioration of lipids was significant despite the increase in FRAP, an indicator of exogenous antioxidant capacity. This indicator was significant over time (P<0.05) due to storage of the meat and the gradual increase in the storage times, 7 to 28 d, under refrigeration at 5 ºC and to the processes of maturation and not by the effect of glycerol supplementation. pH descended in a normal way due to the conversion of glycogen to lactic acid in an anaerobic medium, such as that in vacuum packing, causing pH to change as a normal process of constant degradation of organic matter. Average post mortem pH of beef is 5.4-5.8. Gregory (1998) mentions that the increase in physiological stress or physical activity in farm animals during shipping and ante mortem handling leads to exhaustion of muscular glycogen reserves before slaughter, which can result in a high final pH in the meat and tougher meat. Under such conditions beef can have a pH higher than 6.2, this meat has great water retention but it deteriorates soon at temperatures above freezing. In the present study, pH was not affected by glycerol supplementation nor by handling the steers before slaughter.
According to Miranda et al. (2009) , the biphasic relationship between tenderness and final pH occurs because the proteolytic activity is lower with pH values of 6.3-5.8. In our study, final pH on day 28 of storage was below 5.8, indicating that the physical-chemical changes in the meat were favored by proteolytic degradation, changes in pH and increase in lactic acid during maturation (Young et al 2004) .
Another study shows the effects of glycerin supplementation on performance, ruminal fermentation, metabolism, and carcass and meat quality in Holstein bulls fed high-concentrate diets (Mach et al 2009 ). The authors observed that feeding concentrate containing up to 12.1% of glycerin does not lead to detrimental effects on performance, ruminal fermentation, metabolism, and carcass and meat quality variables.
As it has been seen in the present study there is no consistent association between the stress parameters and meat quality measurements. Therefore, it is important to determine the appropriate parameters for assessing the level of stress.
Conclusions
Oral administration of 600 mL glycerol as a source of energy for fattening livestock 24 h before slaughter did not cause differences between treatments because glycerol is absorbed rapidly and only a single dose was administered before slaughter to evaluate its effect. The animals were not under stress during handling and physical activity was minimal during transport of less than one hour. These conditions permitted maintaining some of the physiological and oxidative stress indicators within normal ranges without affecting meat shelf life.
